(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



1 



(12) 



(11) EP1 050 799 A1 

EUROPEAN PATENT APPLICATION 



(43) 


Date of publication; 


(51) lntCl7: G06F 9/318 




08.11.2000 Bulletin 2000/4S 


(21) 


Application number: 99410048.5 




(22) 


Date ot filing: 03.05.1999 




(84) 


Designated Contracting States: 


• Fel, Bruno 




AT BE CH CY DE DK ES F1 FR GB GR IE IT LI LU 


38360 Sassenage (FR) 




MC NL PT SE 


• Ducousso, Laurent 




Designated Extension States: 


38330 Saint Nazaire les Eymes (FR) 




AL LT LV MK RO SI 


• Bouvler, Stephane 






38330 Salnl-lsmier (FR) 


(71) 


Applicant: STMicroelectronics S.A. 






94250 Gentllty (FR) 


(74) Representative: Driver, Virginia Rozanne et at 






Page White & Farrer 


(72) 


Inventors: 


54 Doughty Street 


« 


Cofler, Andrew 


London WC1N2LS(GB) 




38340 Voreppe (PR) 





O) 

o 
1^ 

o 
in 
o 



(54) Execution of a computer program 

(57) A computer system has a memory which holds 
a computer program consisting of a sequence o( pro- 
gram Instructions. The format of the program instruc- 
tions depends on an instruction mode of the computer 
system. A decoder is arranged to receive and decode 
program instructions. A microinstruction generator is re- 
sponsive to information from the decoder to generate 
microinstructions according to a predetermined micro- 
instruction format which is Independent of the instruction 
mode of the computer system. The computer system 
has a plurality of parallel execution units for receiving 
and executing the microinstructions. 
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Description 



M02 f '"7""°" '° ^ ^"'"^ °' executing a computer program and to a computer system 

o^calinn „ Mh T '^^r '^"''^ ' "'"^^'"y °' ^x^^"'"" vvhich are responsible 

IrLm ^ *e Operations defined in a computer program. Tt,e computer program consists o( a sequence o"p^ 
gram instructions. In the computer system described herein, the (om«, of the program instructions is selectable in 

instruction nxsdes (three in the descnbed example). It is desirable however that the execution units can execute in 
siructions independently of the operational mode of the computer system 

^^n^L '^^ ""^'"'^^ ^ '=°'^P'"^^ ^y^'*-" co-uprising; a memory holding a computer 

program consisting of a sequence of program instructions, the format of the program instructions being selectrbTe n 

ZTZ T '°" °' ^ ""^^ ^'""3^ "° ^e^e'-e ^nd decode p^ram 

l^T ^ ' T"'^' ^ gene'ator responsive to information from the decoder to gene ate 

^TT 1° " -"-roinstruction forma, hav^g a pluralNy of fields of respectively 'xed 

iTntnt^nh ? '^'^ """^ instructions, the microinstruction forn^t being inde- 

JIJ^^^Ll""'?' ^^^'k '""^"""^ "'"""^^^ ^ °' ^"^"="''"9 ^ ^^'^P'-'e' P^°9-3m consisting of a sequence 

sllSe i — ' ' °' ' ''''"^^ '^^ °' ••^^ program' instructs is 

sdeclable ,n dependence on an tnstructon mode of ihe computer system, the method comprising: decoding said 
program instructions; generating microinstructions responsive to information from the decoded program instructions 
according to a predetemnined microinstruction format having a pluraWy of fields of respectively fixed length a Ic^^d 
to hold certain data derived from the program ins.ructbns, the microinstruction format being independem o me n 
struction mode of the computer system; and supplying said microinstructions to one or more of a plurality of lraltel 
execution units for receiving and executing said microinstructions 

f^^L ""'''""'r """'""^ """^ «""P"^e « «^«« 0' «e="<ion pipe- 

nl^ii! ^"^ microinstructions needed for memory access operatk>ns and a second set of executon 

a hhlitT 'f °'" ""'""^ P^°"'''*'"9 ''^"P''"9 °' '^^™'y ^"=ess operations^ 

[0006] Preferably there is a first microinstruction format for use for microinstructions supplied to the first set of exe- 

cul!^ pipelines.'"' ^ '''""^ microinstmctions supplied to the second set of exe- 

^Tllrl^ denved from the program instructions, including for example register names and their vaNdity 
bits opcodes, source guards, destination guards etc. Source guards and destination guards relate to a mechanist^ 
for executing guarded instructions which is not described further herein 

(0008] Some program instructbns include an immediate value, which h an actual embodiment can be up to 25 bits 

uoo'^edt^^V."f r? '^'^ ^"^ ™-ediate values need o be 

supplied to the execution units for use in execution of the microinstructions. Prior to execution by the execution units 
the m croins^ruct»ns can be held in instruction queues associated respectK,ely with the execution units. The size oi 
Ihe que es depends on the size of the microinstructions. If the microinslructtons had a field specifically allocated to 
receive the immediate value, and had the maximum length possible for the immediate value, men me size^fthe e 

nnhTL'r?h«o° ! If °T "''"^^ '° '""P"'"""' =°'"P'"^' ^y^'^'"' """"^ ""e^=e Moreover, for much 

Of the time these fields would remain unused. 

\^JiJ^^,TT T °' '^^ P'^"""' '° P"^'"^ microinstruction generator locates 

It^e immediate value in the microinstructions in one or more ol said lixed lengm fields in place ol me data normaUv 
altocated to me fields. In a program instruction using an immediate value, this immediate value takes the^ace ofThe 
data ,n me program instruction, for example register values. Thus, mese lields ol the microinstruction become available 

"tk ^^'^ ^"^ "^'"^ °' "^^ '"fcroinslruction never contain an immediate value 

[0010] The computer system can operate in one of a number of instruction modes, as mentioned above The number 
of rnicroinstructions generated in each machine cycle varies in dependence on the instruction mode of me computer 
per mTch^c^r "^"'"^ ""''^^ " ™^™''"> ol 'o"r microinstructions is generated 

f°?K^l ^ "T"'^' ^ Prefetcher for fetching instructions from me memory and supplying them 

to the decode,. The prefetcher is controlled so that me number and length ol instmctions fetched from the rner^ory in 
each machine cycle depends on me instruction mode of me computer system 

51"' ""'i,^ "T """^'f "*"9 °' P-e*e"' '""en'ion and to show how the same may be carried into effect 
reference will now be made by way of example to me accompanying drawings in which 
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Figure 1 is a block diagram of a computer system: 
Figure 2 illustrates three different instruction modes; 
Figure 3 illustrates difterent formats for instructions in GP32 mode: 
Figure 4 illustrates different formats for instructions in GP16 mode: 
5 Figure 5 illustrates formats for microinstructions for the data units and address units; 

Figure 6 illustrates how Immediate values are hidden in a data unit microinstruction format; and 
Figure 7 illustrates how immediate values are hidden in an address unit microinstruction format. 

[001 3] Figure 1 illustrates relevant components of a computer system arranged for the parallel execution of a plurality 

10 of instnjctions and particularly suited to provide a high digital signal processing (DSP) performance. A program memory 
2 holds Instructions in one of a number of different Instruction formats. The Instruction formats are described in more 
detail in the following, but, in brief, program code can be written In Instructions of any one or a combination of GPl6 
format, GP32 format and Very Long Instruction Word (VLIW) format. Thus, Individual instructions in the program mem- 
ory 2 can have a length of 16 bits or 32 bits. The computer system supports three different instruction modes as 

'5 described with reference to Figure 2 later. The inslmction mode of the computer system is held in a process status 
register (PSR) 4 and is used to control operations of a prefetch buffer 6 and a decoder 8. A bypass mechanism 9 allows 
instructions to be supplied directly from the program memory 2 to the decoder 8 In some circumstances. 
[001 4] According to the instruction mode of the system, a number (2 or 4) of ihsiruciions are fetched from the program 
memory 2 either directly or via the prefetch buffer 6 and supplied to the decoder 8. Decoded instructions are supplied 

20 through a microinstruction generator 10 which generates microinstructions for a plurality of parallel execution units 
which are labelled EXU1 , EXU2, EXU3, EXU4 and EXUS in Figure 1 . Each execution unit is arranged as an execution 
pipeline and are arranged to have particular functions as follows. Execution units EXU1 ,EXU2 are data units which 
are arranged to execute microinstructions carrying arithmetic operations. They are also labelled DUl and DUO for 
reasons which are explained later. They share a common data register file 12. The execution units EXU3,EXU4 are 

25 address units and are used to oxocute microinstructions for memory accesses to a data memory (not shown). They 
are also labelled AU1 ,AUO for reasons which are explained later. The address units share a common pointer register 
file 14. The remaining execution unit EXU5 is a general unit (GU) which share some resources with the address units 
but which includes its own control register file 16. A load data queue LDQ and pointer data queue PDQ provides a 
queuing mechanism for data and pointers from the data memory to the register files 12.14,16. A store address/data 

30 queue SAQ/SDQ provides a queuing mechanism for data and addresses awaiting access to memory. A data data 
queue DDQ allows queuing of data being transferred between the register files 12,14,16. 

[001 5] The data units, address units and general unit are fed from instruction queues which receive microinstructions 
from the microinstruction generator 10, Microinstructions are generated jislot 0, fislot 1 for the data units DUO, DUl 
respectively and these microinstructions are held In the instruction data queue D-IDQ in readiness for supply to the 
35 pipelined units DUO.DUI. Likewise, microinstructions are generated In ^islot 0 and jistot 1 for the address units and 
general unit AUI , AUO, GU. These microinstnjctions are held in an instruction data queue A-IDQ for the address units. 
[0016] The prefetch buffer 6, decoder 8, microinstruction generator 10 and instruction queues D-IDQ, A-IDQ consti- 
tute a control unit for the computer system which operates in a pipelined manner. The stages of the pipeline are marked 
using dotted lines in Figure 1 and are denoted as follows: 

40 

AL - align stage 
DE - decode stage 
DP - dispatch stage. 

•*5 [0017] Similarly, each of the execution units are pipelined, although the details of the pipelining are not given here. 
The first stage in each pipeline however is an operand fetch (OF) stage which provides operands for use by the in- 
structions in execution by the execution units. 

[001 8] The microinstruction generator 1 0 dispatches microinslructions to the queues D-l DQ, A-l DQ in a lormat which 
depends on the execution unit for which the microinstructions are intended. Thus, there is a microinstruction format 

50 (or the data units, a microinstruction format for the address units and a microinstructon format for the general unit. In 
the present case, the format lor the address unit and general unit are sufficiently similar that they are described as a 
common format herein. Microinstructions are generated in these formats, independently of the instruction mode used 
to write the program code. In order to understand this, the three different Instruction modes of the machine will firstly 
be described with reference to Figure 2. 

ss [0019] According to a first instruction mode, a pair of 16 bit instructions are supplied during each machine cycle to 
the decoder 8 from the prefetch buffer 6. This pair is denoted slotO, sloti in bit sequences wO.wl etc. This Is referred 
to herein as GP16 superscalar mode. 

[0020] According to a second instruction mode, two instructions each having a length of 32 bits are supplied to the 



3 



BNSOOCIO: <EP 1050T99A1J_> 



10 



15 



20 



25 



EP 1 050 799 A1 

hernroPSa ^ ~ ^"^"^^'^ '^^^^ °- --red .o 

[0021] According to a third instruction mode, four instructions wO w1 w2 w3 pkcH m is hit= ;„ 
the decoder in each machine cycle. This is referred to herein as vurw mod" ' 

Sth 'ThlTGPlTm^?l°''''.''°".'"''''''' '° "^"^'^ 2 retrieves an instruction wordof 128 b«s 

m length. Thus m GP16 mode, the instruction word comprises eight 16 bit instructions, paired as slotO sloti for each 

r^3 Thus ■ ZZ . ^"1 ^"'"P-^^ 32 bi, ,nsiruc.»ns 

0023] Thus, decoded instructions supplied from the decoder 8 to Ihe.inicroinstniCtion generator 10 are suor^li^ri hv, 
appre'^iarthat^rct' '^"^ and slo.3. Slot2 and slo.3 will dn^ be used i V UW Z^ T.t Z 

ThP n™ , '^1^'^'" 9'"" ""^ '° ^ ""'""^^ °' microinstructions depending on m^ r«tu e o' 

;:rnre";rs:'rit<ssrs^'^ ™ - .om.roinstruc.iSns forU^er L-; 

[0024J lnGP16andGP32mode,onlyslot0andslot1 are used during each machine cycle These are used to oenerais 
m^roinstructions in ^slo. 0 and nslo. 1 of either the data units or the address units/general un^^ instmlta n 
Ocang^erisetoamicroinstructioninMslotOofthedata units and/or MslotOoft^ 

orin^lil 'TJ° ' °' '^^ ""''^ ^<«^««^ ""it^- An ex^p on to his genial 

E ™ml'"sf 3^"^^^'^ ^ °' -ioroinstructions on S^th" 

n?. nl J , ■ ' ° ' ^™ "'^'^ '° microinslructions fornslot 0 and nslot 1 of either the A- 

DQ or me load/store par, o. me D-IDQ, and slots 2 and 3 are used to generate mLinstruc.ions for ° lo, 0 and slot 

certain 32 bit instructions can be placed as part of the combination of four instructions to be fetched and Jt^h 

zrg'r^of'hrdi'rrr^^^ 

^umng use of the data unit. The most microinstructions that can be generated from a single VLIW word are two 
m™ructions requinng the parallel data units and two microinstructions requiring the parallel addrel uriit 

[0M6] Table I gives some examples of types of operations defined by program instructions and the nature nf mirro 
instructions tha, are generated for the data units, address units and ge" Jun« to implernUhoLe irj^ionr 
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Operation 


Instruction 


Explanation 


IMicroinstructlon 








DU 


AU 


GU 


Data unit operation 


DUop 


DUop requires only DU 


DUop 






Address unit/General unit 
operation 


PRAfith 


PRArith requires only AU 




PRArith 




branch 


branch requires only GU 






branch 


Load operation 


LoadDR 


AU send the effective 
address to the Data 
Memory Interface. DU 
read the returned data 
from the LDQ and update 
the Data Register. 


read LDQ 
RN = LDQ 


EA->DMC 






Load PR/CR 


AU send the effective 
address to the Data 
Memory Interface. Then, 
AU read the returned data 
from the LDQ and update 
the Pointer Register 




EA^DMC 
PR/CR=LDQ 
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TABLE I (continued) 





Operation 


Instruction 


Explanation 


Microinstruction 










DU 


AU 


GU 1 


5 


Store operation 


Store DR 


Au send the eftective 
address to the Data 
Memory Interface. DU 
send the data to the SDQ. 


Rn->SDQ 


EA,BE->SAQ 




10 




Store PR/CR 


AU send the effective 
address to the Data 
Memory Interface. AU 
send the data trom the 
SDQ. 




PR/CR-*SDQ 




15 


Register to Register Move 


Pm=Rn 


AU send the Data to the 
DDQ. AU read the data 
from the DDQ and update 
the Pointer Register 


Rn^DDQ 


Pm^DDQ 




20 




Rm=Pn 


AU send the Data to the 
PDQ. DU read the data 
from the PDQ and update 
the Data Register 


Rm=PDQ 


Pn-*PDQ 





2S [0027] Figure 3 illustrates three exemplary formats for instructions In GP32 mode. Each instruction has a length of 
32 bits, and a number of different fields depending on the format type. The three format examples are labelled F1 ,F2 
and F3 in Figure 3. All the formats share an 8 bit opcode field at bits 0 to 7. The formats F1 ,F2 and F3 each have a 
field for holding a so-called immediate value IMM. The immediate value IMM can have a variable length, as indicated 
for example as 5 bits in format F1 , 1 5 bits in format F2 and 21 bits in format F3. The length of the immediate value is 

50 held in the opcode or subopcode. Depending on the length of the immediate value, remaining fields denote for example 
destination and source registers, Ra,Rb and additbnal sub-op fields SOP for holding additional parts of the opcode of 
the instruction beyond that which can be held in the 8 bit field at bits 0 to 7. Bits 28 to 31 hold guard values for use in 
guarded instruction execution which is not discussed herein. 

[0028] Figure 4 illustrates three exemplary instruction formats F4.F5 and F6 for GP16 mode. The formats share a 6 
35 bit Opcode field at bits 0 to 5. An immediate value IMM of varying length can be accommodated by the different formats, 
as illustrated in formats F4,F5. In addition there are fields for defining source and destination registers Ra,Rb,Rc for 
example, and additional sub-op fields SOP for expanding the opcode of the instruction, labelled SOP. 
[0029] Figure 5 illustrates formats for the data unit microinstruction and address unit microinstruction. As already 
mentioned, the format for the address unit microinstruction is very similar to that of the general unit microinstruction, 
the latter not therefore being described further herein. 

[0030] The data unit microinstruction has a length o( 85 bits containing a plurality of different fields of fixed length. 
Reading from right to left in Figure 5, the first, second, seventh and ninth fields hold parameters relating to guarded 
instruction execution which is not discussed herein. The third field is a 7 bit field holding a register value SregO. The 
fourth and fifth fields are each 8 bit fields holding register values Sregl,Sreg2 respectively Each of these three fields 
-'5 can effectively define source registers for the microinstruction. The sixth field is a 6 bit field defining a data register. 
The eighth field Is a 15 bit field holding the opcode defining the nature of the microinstruction. This has a separately 
definable subop section having a length of 9 bits. The last field is a load/store field which is 16 bits long and which 
identifies criteria for performing load or store operations as outlined in Table I. 

[0031] Note that the data unit microinstruction has no dedicated field for holding the size and signage of an immediate 
value IMM. These parameters are held in the opcode and subopcode fields. 

[0032] The address unit microinstruction AU^Inst similarly has fixed length (7 bits) lields (or defining two source 
registers SregO.Sregl and an 8 bit field defining a data register dreg. A 19 bit opcode field includes a fixed length (10 
bits) separately identifiable sub-opcode field SUBOP. The remaining fields relate to guarded instruction execution. 
Also, the first two bits of the microinstruction Indicates wrfielher it is an address unit or general unit microinstruction. 
These bits are labelled au and gu In Figure 5. The address unit microinstruction fornnat has a dedicated fixed length 
field (IMM - 5 bits) for holding bits identifying the size and signage of an immediate value. Note there are no fields 
uniquely dedicated to holding the immediate value itself. 
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^33] The decoder 8 receives instructions in GP16. GP32 or VLIW mode and decodes them to supply data to the 
d Zi H --oinstruction generator ,0 uses this data to fll. the (ields aSg t hi pre 

un ts o .HH™"°'"f; °" '""'"^''^ ^'3"'^ ' '° microinstructions for usiot 0. ^slot 1 of the daTa 

units or address units/general unit respectively. As mentioned earlier, each program instruction can aive r se to 1. 1! 
more mcroinstruction. Moreover, the microinstructon format is the same regardless ot the instruc ic7m^^^ " °' 
^IZt TTr T. °' the data unSs, address units and qeneVat unit i, is 

undes, able to allocate fields for immediate values whch allow the maximum immediate value length to be accommo 

memnrv ,r "k^^h ' '"^^'^'^ ^^'"^^ i"structbn formats in the proqram 

Te^re'^d byterjam'-r ur ^ '^-^ - - P-°™ing the panicularTro: 

f"m'irr,rtrrh:r^^^^^^ 

fLI R A h , I ?^ '°'mat is also illustrated. As illustrated by the arrows in 

Figure 6. a 5 b^ immediate value IM^4:0| is "hidden- in the field Sregl and Subop of the data unit m^ratnsm 
For the format F2, a 15 bit immediate value IMM(14:0| is "hidden- in fields Sregl, S°eg2 and Subr "ia"io^^ 

hauhe 1'^ T T '"T '° ^'^'^"-^^'^ c^'a unit microLtru^l^ forma?^pLde~ °o 

hatthe executior, uni can always locate the full immediate value in a microinstruction. Tbe alkxation of broT.he 

rouldTretld h ' T "^r" "^-^ °' microinstruction clauha! 

Te Of ?hl?^! H ""^^''^^ ''^^n '«n^«'e^ redundant by 

the ,vll II , f H I "°' '""''^^'^ '''9"™ ^' ^^1"" ^» i" format instructs of 

he type iHustrated in Figure 4 can likewise be "hidden" in fields of the data unit microinstruction. 

The bits of the 1 5 bit immodiato value of format F2 are held in the subKjp, opcode and qmi fields The first is ha, 

op ^^f aTd rire^lir " ^'^^ ^^'^ '^''^^ ^^''^ ^" t^-" 

™nl'i"«i',n " '° "^"^ °" "^'"^^ '^"^ P^'^'^'" memory in the microinstructions which 

1 . . ' '°" "°*«''*«anding a predetemrined fomiat for the data unit and address unrr^iririin 
structions which does not have specific fields for an immediate value. 
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Claims 

1 . A computer system comprising: 

Ir'^Zl^uHUlL" K°""'""[ "'J^"" °' ' °' instructions, the format of the 

program instructions being selectable in dependence on an instruction mode of the computer system- 
a decoder arranged to receive and decode program instructions from the memory ■ 

o hold ZTTr^ mK^rornstruCion format having a plurality of fields of respectively fixed lengths alloca°«i 

Zstru^n mlVoTr ' *^ '"'='°i"=''"ction fomiat being independent of 

the instruction mode of the computer system; and a k 

a pfurality of parallel execution units for receiving and executing said microinstructions. 



2. 



A computer system according to claim l. wherein the execution unrts comprise a firs, set of execution pipelines 
lor use in executing microinstructions needed for memory access operations and a second set of ex^utbnt pe 

SUP ^ to i' " ^'=~i"«""=tk,n format for use for microinstructions 

supplied to the second sot of execution pipelines. 

i'nstrroni !nHT 'T' P'^=^'"9<='aim, wherein the program instructicis held in the memory include 

Snn me mrl^T^ T^T "'^ microinstruction generator includes rneans for 

locating the immediate value in the microinstructions in one or more of said fixed length fields in place of the da°a 
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normally allocated to said fields. 

5. A computer system according to claim 4. wherein there are a plurality of different formats for program Instructions 
held in the memory to accommodate immediate values of differing lengths. 

5 

6. A computer system according to any preceding claim, wherein the number of microinstructions generated in each 
machine cycle varies in dependence on the instruction mode of the computer system. 

7. A computer system according to any preceding claim, which comprises a prefetcher for fetching instructions from 
JO the memory and supplying them to the decoder. 

a. A computer system according to claim 7, which comprises means for controlling the prefetcher so that the number 
and length of instructions fetched from the memory in each machine cycle depends on the instruction mode of the 
computer system. 

15 

9. A computer system according to any preceding claim, wherein each execution unit has associated therewith an 
instruction queue for queuing microinstructions from the microinstruction generator. 

10. A method of executing a computer program consisting of a sequence of program instructions held in a memory of 
20 a computer system, wherein the format of the program instructions is selectable in dependence on an instruction 

mode of the computer system, the method comprising: 

decoding said program instructions; 

generating microinstructions responsive to Information from the decoded program instructions according to a 
25 predetermined microinstruction format having a plurality of fields of respectively fixed length allocated to hold 

certain data derived from the program instructions, the microinstruction format being independent of the in- 
struction mode of the computer system; and 

supplying said microinstructions to one or more of a plurality of parallel execution units for receiving and ex- 
ecuting said microinstructions. 

30 

11. A method according to claim 10. wherein microinstructions of a first microinstruction format are supplied to a first 
set of execution pipelines for executing microinstructions needed for memory access operations, and microinstruc- 
tions according to a second microinstruction format are supplied to a second set of execution pipelines arranged 
to carry out arithmetic operations. 

35 

12. A method according to claim 10 or 11 , wherein the program instructions include Instructions including an immediate 
value, the method comprising the step of locating the immediate value in the microinstructions in one or more of 
said fixed length fields in place of the data normally allocated to said fields. 

•fo 13. A method according to claim 10, 11 or 12, wherein the number and length of program instructions fetched from 
the memory in each machine cycle is dependent on the instruction mode of the computer system. 
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